In the present study, quantitative analysis coupled with toxic evaluation was applied to investigate the influence of sulfur-fumigation on the quality of Chrysanthemum morifolium. The results showed that the average contents of six flavonoids (cynaroside, hyperoside, isoquercitrin, luteolin, apigenin, and diosmetin) in sulfur-fumigated C. morifolium samples decreased by about 6.2%, 3.5%, 22.0%, 33.3%, 26.0%, and 36.9%, respectively, while the average contents of two organic acids (chlorogenic acid and isochlorogenic acid A) in sulfur-fumigated C. morifolium samples increased by about 16.8% and 7.6%, respectively. Furthermore, high dosage sulfur-fumigated C. morifolium could induce hydropic degeneration in epithelial cells of the renal tubule and interstitial edema. This indicates that sulfur-fumigated C. morifolium may lead to renal toxicity.
The dried flowering head of Chrysanthemum morifolium (also known as Juhua in Chinese) is a very famous herbal medicine [1a,b] . Phytochemical and pharmacological investigations of C. morifolium indicated that organic acids and flavonoids are the major bioactive components [2a,b,3] . There are four different forms of C. morifolium in the Chinese Pharmacopoeia [4] , Boju, Chuju, Gongju, and Hangju (White C. morifolium). White C. morifolium is traditionally produced from fresh C. morifolium by sun-drying for two days, but it has been recently reported as being sulfurfumigated by either some herbal farmers or wholesalers during post-harvest handling and storage [5] , and the medicinal properties are likely to be changed after the sulfur-fumigation process [6,7a] .
Previous studies in our laboratory have demonstrated that the sulfur-fumigation process could result in residues of sulfur and some harmful heavy metals, such as As, Hg, and Pb [7b]. It has also been shown that sulfur-fumigated samples showed a significant loss of the main active compounds and a more destructive fingerprint profile compared with the sun-dried ones. Fifty volatile compounds were not found in the sulfur-fumigated material [7c]. In the present study, we first applied quantitative analysis coupled with toxic evaluation to investigate the influence of sulfur-fumigation on the quality of C. morifolium. The validated HPLC method was successfully applied for the quantitative determination of the 8 major compounds in sun-dried and sulfur-fumigated C. morifolium samples. The average contents of 8 main compounds in sun-dried and sulfur-fumigated samples are shown in Figure 1 .
Using the sun-dried C. morifolium as reference, the average contents of cynaroside, hyperoside, isoquercitrin, luteolin, apigenin, and diosmetin in sulfur-fumigated samples decreased by about 3.5% to 36.9%. However, the average contents of chlorogenic acid and isochlorogenic acid A in sulfur-fumigated samples increased by about 16.8% and 7.6% compared with those of sun-dried C. morifolium. This phenomenon is associated with the existence of polyphenol oxidase in C. morifolium. Hydrosulfite (NaHSO 3 ) produced by sulfur-fumigation can decrease the intensity of the enzymatic reaction of polyphenol oxidase and delay the time of reaction. All the above results indicated that sulfur-fumigation can influence not only the contents of organic acids in C. morifolium, but also the induced contents of major flavonoid compounds. The results of chronic toxicity of C. morifolium showed that the sundried group and low dosage sulfur-fumigation group showed no
